Effects of increased extracellular K on the elemental composition and water content of neuron and glial cells in leech CNS.
Elemental (Na, Cl, K) and water contents of leech (Macrobdella decora) neurons and glial cells were determined under steady-state exposure to 4, 10, and 20 mM KCl concentrations (bathing media) using x-ray microanalysis for quantitative digital imaging of frozen hydrated and dried cryosections. Effects of furosemide, 5-hydroxytryptamine (5-HT), and ouabain on elemental distribution changes, induced by exposure to 20 mM K, were also determined. Results demonstrated that packet glial cells and neurons accumulated substantial amounts of K that appeared evenly distributed throughout the cytoplasm. Cell water content also increased as a function of increased cytoplasmic K so that the net effect was an unchanged wet-weight K concentration (expressed as millimoles per kilogram wet weight). Dry-weight Na and Cl concentration (expressed as millimoles per kilogram dry weight) increased slightly in glial cells; however, because cell water increased, both Na and Cl (wet-weight) concentrations decreased. Neurons, in contrast, had no significant change in either Na or K on a wet-weight basis, so a relatively constant Na/K ratio was maintained despite a small, but significant, increase in K (dry weight) and cell water. These increases, like those in packet glia, were a function of exposure to different concentrations of extracellular space K. These changes were completely abolished by 10(-4) M ouabain. Neither furosemide nor 5-HT appeared to affect neuronal or glial K wet-weight concentrations. These data show that both glial cells and neurons can act as substantial reservoirs for K while maintaining stable K concentrations (by altering cell water content and elemental composition). This process appears to depend on a functioning Na+, K+-ATPase system.